to obtain polymeric materials for different purposes began in the last few years. Electron beam irradiation of aqueous solutions containing appropriate monomer mixtures such as acrylamide, acrylic acid, and vinyl acetate were prepared and used as flocculates for waste water treatment and for agriculture and medicine 13 . The hydrogels based on polyelectrolyte structure have been prepared using gamma radiation of aqueous solutions of hydrophilic monomers. Aqueous solutions of acrylamide and N-vinyl-2-pyrrolidone with small amounts of maleic acid and itaconic acids were regarded as systems with potential immobilization, chelating and adsorptive properties for various bioapplications. Thus, Bovine Serum Albumin was investigated by using gels with varying compositions of maleic acid 14 and itaconic acid moieties 15 . The wound dressings manufactured by the simultaneous radiation induced crosslinking and sterilization of hydrophilic polymers were produced by Rosiak et al., 16 . This indicates that the composition of hydrogels is very essential in determining its applications and its efficiency. Thus, the present work deals with the radiation-induced polymerization of acrylic monomers in the presence of,N, N'-methylene bisallyamide as crosslinking agent.
MATERIALS AND METHODS

Material
Hydrolyzed collagen (Parvar Novin-E Tehran Co.) was industrial grade which is available in market and has nearly 25% insoluble phosphate salt. 2-acrylamido-2-methylpropanesulfonic acid (Merck, Darmstadt, Germany), Acrylic acid(Fluka) were of analytical grade and used without further purification.
Determination of soluble fraction
The samples of the hydrogels were placed in a beaker containing bidistilled water and then boiled for 4 hr. The swelled pieces were taken and dried in a vacuum oven at 60°C to remove water. The drying was continued till constant weight, W 1 . The soluble fraction was calculated according to the following equation:
... (1) where W 0 is the initial weight of the sample and W1 is the weight of the dried sample after extraction of soluble fraction.
Determination of water uptake
After extraction of the soluble part, a certain weight (W 1 ) of the hydrogel was placed in a beaker containing bidistilled water for 24 hr at room temperature (20°C). The sample was removed from the beaker and blotted with filter paper just to remove the droplets of water on the surface. The water uptake of the sample was calculated using the following equation:
... (2) where W 1 is the initial weight of the hydrogel and W 2 is the final weight of the swelled hydrogel.
RESULTS AND DISCUSSION
Grafting mechanism
A general reaction mechanism for graft copolymerization of AMPS onto collagen backbones in the presence of gamma radiation is shown in Scheme 1. In the first step, the gamma radiation, with dose of 35 kGy, produce the radicals from one of the functional groups (i.e. COOH, SH, OH, and NH 2 ) in side chains of the collagen backbones. Then these macroradicals initiate grafting of monomers onto collagen backbones leading to a graft copolymer. Since a crosslinking agent, e.g. MBA, is presented in the system, the copolymer comprises a crosslinked structure that has called superabsorbent hydrogel 17 .
Effect of monomer ratio on swelling capacity
The swelling capacity of the hydrogels prepared with various ratios of monomers is shown in Fig. 1 . Since pH of the polymerization mixture was adjusted at 8.0 after the reaction, the superabsorbency of H-protein-g-Poly(AMPS-co-AA) hydrogels is due to both functional groups of ionic sulfonate and carboxylate (from neutralized AMPS and AA, respectively). The presence of the ionic groups in polymer chains results in increasing of swelling because the ionized groups are more strongly solvated rather than ionic groups in the aqueous medium. Higher swelling capacities are obtained from employing higher initial ratios of AMPS/AA. Therefore, the swelling enhancement versus higher AMPS/AA. ratio can be attributed to the formation of high sulfonate and carboxylate groups in the synthesized samples [17] [18] . Figure 2 depicts the effect of N, N'-methylene bisallyamide (MBA) concentration on the swelling capacity of the hydrogels. As shown in the figure, the higher the crosslinker concentration, the lower water and saline absorbencies will be. This well-known relationship between the swelling ratio and concentration of the crosslinking agent is stated as Eq. (3) Figure 3 demonstrates the swelling variations in lieu of time of the crosslinking reaction. At the early minutes of the reaction, the swelling of hydrogel is around 100-150 g/g. It is gradually increased to about 352g/g after 140 min. Meanwhile, the swelling capacity of the hydrogel prepared after this time is disappreciably decreased in longer reaction time due to enhancement of the crosslinking extent. No remarkable change of swelling capacity was observed in the case of longer time of the reaction [21] [22] .
Effect of crosslinker concentration
Effect of reaction time
Effect of irradiation condition
Usually, the radiation polymerization is carried out under inert atmosphere such as nitrogen. In this work a comparison has been made between the radiation polymerization in air and under inert gas. A representative mixture of AMPS/ AA in the ratio (3:1) was taken and the radiation dose was 15-50 kGy area. The results obtained showed that the swelling capacity of the hydrogel obtained was 445g/g in air and 178g/g in nitrogen atmosphere. These values are practically the same and the difference between them is within experimental error. For this reason all the radiolytic polymerization reactions have been carried out in nitrogen 23 .
CONCLUSIONS
After making synthesis superabsorbent hydrogel based on H-protein-g-poly(AMPS-co-AA), the reaction conditions were attempted to optimize for obtaining graft copolymers with higher swelling capacity. So, the reaction conditions for achieving the maximum water absorbency(450 g/g) were found to be as follows: ã-rays 35 kGy ,molar ratio AMPS/AA 4.0 , MBA 0.002 mol/L and reaction time 140 min. The swelling behavior of the superabsorbents prepared from NaAMPS and AA indicated that the water ab-sorbency was improved by the addition of a small amount of the AA monomer into the copolymeric gels.
